WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
B23B 21/30 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 98/32560 

30 July 1998 (30.07.98) 



(21) International Application Number: PCr/SE97/02197 

(22) International Filing Date: 19 December 1997 (19.12.97) 



(30) Priority Data: 

9700238-0 



28 January 1997 (28.01.97) 



SE 



(71) Applicant (for all designated States except US): ETP TRANS- 

MISSION AB [SE/SE]; P.O. Box 1 120, S-581 1 1 LinkOping 
(SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SAMELIUS, Anders 
[SE/SE]; ETP Transmission AB, P.O. Box 1120, S-581 11 

Link5ping (SE). 

(74) Agents: HULTMAN, Olle et al.; Axel Ehmers PatentbyrS AB, 
P.O. Box 10316, S-100 55 Stockholm (SE). 



(81) Designated States: CN, IP, US, European patent (AT, BE, CH, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE). 



Published 

With international search report. 
With amended claims. 



(54) Title: HYDROMECHANICAL MANDREL 



3 




(57) Abstract 

A hydromechanical mandrel, preferably intended to be mounted, with one end (2) thereof, in a rotary machine tool, and to releasably 
carry, with the opposite end (3) thereof, one or more tools (4) of the type having an axial central bore, and in which apparatus said opposite 
end, named the mandrel pin (3), is formed with a smooth outer surface and so that one or more tools (4) can be slided ontosame, and can be 
secured, on the outer surface of the mandrel, and whereby the mandrel pin (3) is formed as a hydromechanical clamp bushing comprising 
a sleeve (8) which is formed integral with the mandrel and which has a relatively thin, radially expandable wall and an inner surface (11) 
which is slightly widened in the direction towards the free end of the sleeve (8), and a piston (9) which is axially displaceable in said 
sleeve (8) and which has the same conical shape (12) as that of the inner surface (11) of the sleeve (8), and in which the mandrel further 
comprises means for hydraulic pressurization of a pressure chamber (13) at the outer end of the sleeve (8) thereby forcing the piston (9) 
inwards in the sleeve (8) by means of a hydraulic pressure medium, and means at the opposite end for pressurization of a release pressure 
chamber (15) thereby forcing the piston (9) back to its initial position. 
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HYDROMECHAIMICAL MANDREL 

The present invention generally relates to a mandrel which is preferably 
intended to be mounted, with one end thereof, in a rotary machine tool, for 
instance in a lathe machine, a milling machine, a drilling machine etc., and to 
5 releasably carry, with the opposite end thereof, one of more working tools of 
the type which are formed with an axial central bore, for instance a face 
cutter, a saw blade, a transition element or a similar means. The mandrel can 
be used relesably of fixedly mounted in the machine tool. In case the mandrel 
is of releasable type it is, for instance, mounted by means of a mandrel cone 
1 0 part. 

Different types of mandrels of the said type are known in the art. Such 
known mandrels are generally formed so that the exchangeable tool or tools 
are fixed in the direction of rotation by mechanical means like keys, splines or 
similar means, or by means of heat press joints, and in the axial direction by 

1 5 means of nuts or screws. Such mechanical locking means do not provided a 
prefect precision and they may introduce radial play for the working tool, and 
it can often be difficult to provide a perfect centring, and this, in turn, can give 
rise to unsatisfactory balancing and vibrations in the working tool and the 
machine tool. It may also often be a difficult and time consuming operation to 

20 release the joint between the mandrel and the tools, especially in case the 
tools are mounted by heat press joints. 

The present invention is intended to solve the above mentioned 
problems and disadvantages and to provide a mandrel for use in rotary 
machine tools, and which is formed, at its free end, so that one or more tools 

25 can be slided onto and can be secured without use of keys, splines and other 
mechanical locking means at the envelope surface of the mandrel, or by 
means of press joints, and in which there is obtained a perfect centering and 
balancing of the tool or tools. The mandrel is also intended to provide a very 
powerful clamp connection. 

30 According to the invention this is provided in that the mandrel pin is 

formed as a hydromechanical clamp bushing comprising a sleeve which is 
formed integral with the mandrel and which has a relatively thin wall having 
an inner surface which tapers slightly towards the free end of the sleeve, and 
further comprising a piston which is displaceable inside the inner of the sleeve, 

35 and which has the same conical shape as that of the sleeve. For providing a 
displacement of the piston in the sleeve said sleeve is closed at the outer end 
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thereof by a nipple which makes it possible to introduce a hydraulic pressure 
medium for forcing the piston towards the inner end of the sleeve, thereby 
providing a radial expansion of the sleeve and a locking engagement of the 
tool or tools, and having a central bore, on the outer surface of the sleeve. For 
5 making it possible to force the piston back, thereby releasing the tool or tools 
from the mandrel pin, the sleeve is, at the inner end thereof, connected to 
means for introducing a hydraulic pressure medium at said end of the sleeve- 
piston chamber. 

The sleeve and the piston are formed with such cone angle as to 

10 provide a self locking engagement in any position of the piston in the sleeve. 
The nipple at the end of the sleeve can be fixedly connected, or it can be 
formed as an externally threaded nipple which is screw connected to the inner 
end of the sleeve. 

For providing a safe locking engagement, against rotation of the tools 

15 on the mandrel, the tool, or the tool which is mounted closest to the mandrel 
head can be formed with a pair of follower pins adapted to engage 
corresponding follower bores of the mandrel head. 

Now the invention is to be described more closely with reference to the 
accompanying drawing, in which figure 1 shows a hydromechanical mandrel 

20 according to the invention in a partly cut open condition, and combined with a 
tool having a central bore. Figure 2 correspondingly shows the 
hydromechanical mandrel with the tool released from the mandrel. 

The hydromechanical mandrel shown in the drawings generally 
comprises a transition part 1 , in the drawings shown as a flange having a 

25 V-shaped groove, a mandrel cone part 2 for engagement of the mandrel in a 
corresponding cone cavity of a rotary machine tool, and a mandrel pin 3 for 
releasable connection one or more tools 4 and for securing same on the 
mandrel pin 3. The mandrel head 1, the cone part 2 and the mandrel pin 3 are 
formed as an integral unit. 

30 The mandrel head 1 and the mandrel cone part 2 are of a type known 

per se and do not need any closer description. The cone part 2 is adapted for 
being introduced in a corresponding conically formed cavity of a rotary 
machine tool, for instance in a lathe machine, a milling machine, a drilling 
machine or a similar machine. It is, of course, also possible to form the 

35 mandrel cone part 2 as an integral part of the machine tool, whereby only the 
mandrel pin 3 provides the inventional part of the claimed apparatus. 
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For making it possible to clamp connect one or more rotary tools 4 on 
the mandrel pin 3, said pin is, as shown in the drawings, formed with a 
smooth cylindrical surface. Said surface can, however, have a polygonal, 
square, octagonal etc. cross section shape. The surface also can be threaded, 
5 serrated etc. The surface also can be formed with several consecutive 

diameters. The tools can be pushed into butt contact with a projecting flange 
5 of the transition part 1 . If desired said flange 5 can be formed with a couple 
of bores 6 in which follower pins 7 of the closest tool part can engage for 
making the tool follow the rotary movement. Alternatively the tools can be 

10 formed with axial bores, through which clamp screws can be introduced and 
can be thread connected to the bores 6 of the flange 5. 

Rather than using bores 6 and pins 7, a torsion stiffness can be 
obtained by using key and pin joints of priorly known types. If desired, it is 
also possible to make use of (diameter reduction) sleeves of different types 

15 which are introduced between the tool 4 and the sleeve 8. 

The mandrel pin 3 is formed as a hydromechanical cone piston bushing, 
and to that end it is formed with two main parts, namely a sleeve 8 which is 
fixedly connected to the mandrel and which has such relatively thin outer wall 
that it is capable of expanding radially outwards when being acted on from 

20 inside the sleeve, and a piston 9 which is displaceable inside said sleeve 8. 
The sleeve 8 is closed at the free end thereof, for instance by a threaded 
nipple 10. The sleeve has an inner surface 1 1 which is slightly conically 
widened in the direction outwards from the transition part 1 , and the piston 9 
has a correspondingly cone shaped outer surface 12. The cone angle of the 

25 sleeve 8 and the piston 9 is such that the piston is self-locking in each 

individual position in the sleeve. The cone surfaces 1 1 and 12 of the sleeve 
and the piston provide a mutual sealing, and the piston has such shape that it 
is located adjacent the nipple 10 in the unpressurized condition of the 
mandrel. 

30 For making it possible to force the piston 9 inwards in the sleeve 8 , 

thereby providing a radial expansion of the sleeve wall, as shown in figure 1 , 
the nipple 10 is formed as a pressurization nipple by means of which a 
hydraulic pressure medium can be pressed into a pressure chamber 1 3 which 
is present between the nipple 10 and the outer end of the piston 9. 

35 Since the piston 9 is self-locking in the sleeve 8 the piston does not 

automatically return to its initial, unpressurized position, and therefore the 
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apparatus comprises a second pressurization nipple 14 provided at the inner 
end of the sleeve 8. Through said second pressurization nipple 14 a hydraulic 
pressure medium can be introduced in a release pressure chamber 1 5, so that 
the piston 9 can be forced back to its original position shown in figure 2 
5 concurrently with evacuation of the pressure medium of the said first 

pressurization chamber 1 3, whereby the walls of the sleeve 8 return to their 
non-expanded original position, and the tool or tools are thereby released from 
the mandrel pin 3. 

It is not necessary that the nipple 14 is located as shown in the 

10 drawings, but pressurization means can be arranged at other places, for 
instance at the transition part 1 . 

By the described apparatus tools can easily and quickly be exchanged, 
and the tools get a perfect centering and a perfect balancing on the mandrel 
pin. It is also possible to let the tools be remained on the mandrel pin after a 

15 machining operation has been performed, and, in case of repeated machining 
with the same tool, save the entire mandrel with the tool mounted thereon 
and to re-use same in connection to the next machining operation. 

The mounting of tools on the mandrel is made in that it is firstly 
foreseen that the piston 9 is in its retracted, unpressurized position adjacent 

20 the end nipple 10; one or more tools 4 are slided onto the mandrel pin 3, and, 
if actual, with the follower pins 7 introduced in the follower bores 6 of the 
flange 5 of the mandrel head; pressure medium of a predetermined pressure is 
introduced in the pressure chamber 13 through the bottom nipple 10, whereby 
the sleeve 8 expands radially, whereby the tools 4 become centered, balanced 

25 and secured on the mandrel pin. 

The tools 4 are released in that the pressure chamber 1 3 is evacuated, 
and the release pressure chamber 1 5 is pressurized, whereby the piston 9 is 
forced bach to its original position, and whereby the sleeve 8 is de-expanded 
and the tools 4 are released from the mandrel pin 3. 

30 It should be noted that the chambers 1 3 and 1 5 need not pressurized 

during operation since the tool or tools are secured solely by a mechanical 
joint. The hydraulic pressurization is only used for mounting and dismounting 
of the tool(s). 
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CLAIMS 

1 . Hydromechanicai mandrel, preferably intended to be mounted, with 
one end (2) thereof, in a rotary machine tool, and to carry, with the opposite 

5 end (3) thereof one or more tools (4) of the type having an axial central bore, 
and in which said opposite end is formed as a mandrel pin (3) having an outer 
envelope surface onto which one or more tools (4) can be slided and can be 
secured without the use of keys, splines and other types of mechanical 
locking means provided on the outer surface of the mandrel pin, or by means 

10 of press joints, and whereby there is obtained a perfect centering of the tool 
or tools, characterized in that the mandrel pin (3) is formed as a 
hydromechanicai clamp bushing comprising a sleeve (8) having a relatively 
thin, radially expandable wall and an inner surface (11) which tapers slightly in 
the radial direction, and a piston (9) which is axially displaceable in said sleeve 

1 5 (8) and which has the same conical shape (1 2) as that of the inner surface of 
the sleeve (8), and further comprising means for hydraulic pressurization of a 
pressure chamber (13) thereby providing a displacement of the piston (9) in 
the sleeve (8) and thereby a radial expansion of the sleeve (8). 

2. Hydromechanicai mandrel according to claim 1, characterized in that 
20 the conicity of the sleeve (8) is such that the diameter of the sleeve increases 

in the direction towards the outer end thereof. 

3. Hydromechanicai mandrel according to claim 1 or 2, characterized in 
that the sleeve (8) is closed at the outer end thereof by means of a fixed 
nipple or a nipple (10) which is threaded into the sleeve end, and through 

25 which a hydraulic pressure medium can be introduced in the pressure chamber 
(13) between the nipple (10) and the adjacent end of the piston (9). 

4. Hydromechanicai mandrel according to claim 1 , 2 or 3, characterized 
in that the inner surface (11) of the sleeve (8) and the outer surface (12) of 
the piston (9) are widened in the direction outwards from a transition part (1) 

30 and the inner end of the mandrel pin (3). 

5. Hydromechanicai mandrel according to claim 4, characterized in that 
the cone surfaces (11, 1 2) of the sleeve (8) and the piston (9) are formed with 
a self locking cone angle. 

6. Hydromechanicai mandrel according to any of the preceding claims, 
35 characterized in that the mandrel is formed with a pressure medium 

connection (14) at the inner end of the mandrel, which pressure medium 



wo 98/32560 



7 



PCT/SE97/02197 



connection (14) opens in a release pressure chamber (15) into which a 
hydraulic pressure nnedium can be introduced thereby returning the piston (9) 
to its initial position in which the sleeve (8) is non-expanded. 

7. Hydromechanical mandrel according to any of claims 4-6, 
characterized in that the transition part (1) has follower bores (6) in which 
follower pins (7) of the tool can be introduced. 
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AMENDED CLAIMS 

[received by the International Bureau on 28 May 1998 (28.05.98); 
original claims 1-7 replaced by amended claims 1-7 (2 pages)] 

1 . Hydromechanical nnandrel, preferably intended to be mounted, with 
one end (2) thereof, in a rotary machine tool (cone part 2), and to carry, with 
the opposite end (3) thereof, one or more tools (4) of the type having an axial 
central bore (bore type tool), and in which said opposite end is formed as a 
mandrel pin (3) having an outer envelope surface onto which one or more 
tools (4) can be slided and can be secured without the use of keys, splines 
and other types of mechanical locking means provided on the outer surface of 
the mandrel pin, or by means of press joints, and whereby there is obtained a 
perfect centering of the tool or tools, characterized in that the mandrel pin (3) 
is formed as a hydromechanical clamp bushing comprising a sleeve (8) having 
a relatively thin, radially expandable wall and an inner surface (11) which 
tapers slightly in the radial direction, and a piston (9) which is axially 
displaceable in said sleeve (8) and which has the same conical shape (12) as 
that of the inner surface of the sleeve (8), and in that there is a pressure 
chamber (13, 15) at each end of the piston (9) for hydraulic pressurization of 
a pressure chamber (13) thereby providing a displacement of the piston (9) in 
the sleeve (8) and thereby a radial expansion of the sleeve (8), or a pressure 
release, respectively, providing a radial contraction of the sleeve (8). 

2. Hydromechanical mandrel according to claim 1 , characterized in that 
the conicity of the sleeve (8) is such that the diameter of the sleeve increases 
in the direction towards the outer end thereof. 

3. Hydromechanical mandrel according to claim 1 or 2, characterized in 
that the sleeve (8) is closed at the outer end thereof by means of a fixed 
nipple or a nipple (10) which is threaded into the sleeve end, and through 
which a hydraulic pressure medium can be introduced in the pressure chamber 
(13) between the nipple (10) and the adjacent end of the piston (9). 

4. Hydromechanical mandrel according to claim 1 , 2 or 3, characterized 
in that the inner surface (1 1 ) of the sleeve (8) and the outer surface (12) of 
the piston (9) are conically widened in the direction outwards from a transition 
part (1) at the inner end of the mandrel pin (3). 

5. Hydromechanical mandrel according to claim 4, characterized in that 
the cone surfaces (11, 12) of the sleeve (8) and the piston (9) are formed with 
a self locking cone angle. 

AMENDED SHEET (ARTICLE 1 9) 
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6. Hydromechanical mandrel according to any of the preceding claims, 
characterized in that the mandrel is formed with a pressure medium 
connection (14) at the inner end of the mandrel, which pressure medium 
connection (14) opens in a return pressure chamber (15) into which a 
hydraulic pressure medium can be introduced thereby returning the piston (9) 
to its initial position in which the sleeve (8) is non-expanded. 

7. Hydromechanical mandrel according to any of claims 4-6, 
characterized in that the transition part (1) has follower bores (6) in which 
follower pins (7) of the tool can be introduced, 



AMENDED SHEET (ARTICLE 19) 



wo 98/32560 



PCT/SE97/02197 



l/l 



3 
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